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Abstract 



We use type-la supernovae (SNe la) discovered by the SDSS-II SN Survey 
to search for dependencies between SN la properties and the projected distance 
to the host galaxy center, using the distance as a proxy for local galaxy prop- 
erties (local star-formation rate, local metallicity, etc.). The sample consists of 
almost 200 spectroscopically or photometrically confirmed SNe la at redshifts 
below 0.25. The sample is split into two groups depending on the morphology 
of the host galaxy. We fit light-curves using both MLCS2K2 and SALT2, and 
determine color (Ay, c) and light-curve shape (A, x\) parameters for each SN la, 
as well as its residual in the Hubble diagram. We then correlate these parame- 
ters with both the physical and the normalized distances to the center of the host 
galaxy and look for trends in the mean values and scatters of these parameters 
with increasing distance. The most significant (at the 4 a level) finding is that 
the average fitted Ay from MLCS2K2 and c from SALT2 decrease with the 
projected distance for SNe la in spiral galaxies. We also find indications that 
SNe in elliptical galaxies tend to have narrower light-curves if they explode at 
larger distances, although this may be due to selection effects in our sample. We 
do not find strong correlations between the residuals of the distance moduli with 
respect to the Hubble flow and the galactocentric distances, which indicates a 
limited correlation between SN magnitudes after standardization and local host 
metallicity. 

Subject headings: supernovae: general — supernovae: distances 



1. Introduction 



In 1998, the study of the redshift-lu minosity relation ( Hubble diagram) for n earby 



and distant Type la supernovae (SNe la) (IRiess et al.l Il998l ; iPerlmutter et al.l Il999l ) pro 



surveys have added substantial statistics to the Hubble diagram (e.g. 


Astier et al. 


2006; 


Wood-Vasev et al. 


2007: Hicken et a 


. 2009b: iKessler et al.l 


2009a: 


Conlev et al. 2011 


) and 


extended it to higher redshifts (e.g. 


Knop et al. 2003: 


Tonrv et al. 


2003: 


Riess et al. 


2004; 


Barris et al. 2004: 


Amanullah et al. 


2010: Suzuki et al 


boi 


1), thus strengthening the evi- 



dence for the accelerating universe. 



1, 1049-001 Lisbon, Portugal. Email: lluis.galbany@ist.utl.pt 
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SNe la can serve as cosmological probes because of their ability to function as reliable 
and accurate distance indicators on cosmological scales. This abilit y rests on the empirical 
correlation between t he SN peak brightness and light-curve width (|Phillipslll993|). Several 



empirical techniques (IRiess et al. 



2005; Prieto et al. 2006 



Jha et al. 



996 



2007 



hillios et al.lll999l : Barris fc Tonrvil2004t lOuv et al. 



Guy et al.ll2007l ) have been developed to exploit this 



correlation and turn SNe la into standard candles, with a dispersion on their corrected peak 
magnitude of 0.10-0.15 mag, corresponding to a precision of ~5-7% in distance. 

As both the quantity and quality of supernova o bservations have increased, limitation s 
of the homogeneity of SNe la have become apparent (jPaess et al. 1996 ; Sullivan et al. 2006 ). 



If these inhomogeneities are not accounted for by the light-curve width and color corrections 
or by other means, these variations may introduce systematic errors in the determination of 
cosmological parameters from supernova surveys. One plausible source of inhomogeneity is 
a dependence of supernova properties on host galaxy features. Since the average properties 
of host galaxies evolve with redshift, any such dependence will impact the cosmological pa- 



SN properties on global characteristics of their hosts (Sullivan et al. 


2006 


Gallagher et al. 


2008; 


Howell et al. 


2009 


Hicken et al. 


2009a: Kel 


v et al. 


2010: ISul 


ivan et al. 20101). also 


bv the SDSS-II SN collaboration (ILampeitl et al. 


2010: Smith et al. 


2011 


iD'Andrea et al. 


2011; 


Gupta et al. 


2011; 


Nordin et al. 


2011b: iKonishi et al 


201 if). Much has been learned 



from these studies. For instance, it has by now been esta blished (IHamuv et al.l 11996 



Gallagher et al.ll2005l : ISullivan et al.ll2006l : ILampeitl et al.ll2010h that SNe la in passive galax- 
ies are, on average, dimmer than those in star-forming galaxies. These SNe also have narrower 
light-curves, and, after applying the light-c urve standardization procedure, turn out to have 
slightly larger corrected peak brightnesses (ILampeitl et al.ll2010l ) 



Following earlier work by llvanov et al.l (120001 ) , Ijha et al.l (120061 ) and lHicken et al.l (l2009al ) 

we present here a study of the dependency of SN la properties with local characteristics of 
their host galaxies, using the location of the supernova inside the galaxy as a proxy for phys- 
ically relevant parameters, such as local metallicity or local star-formation ra te. We use the 



three -year Sloan Digital Sky Survey-II (SDSS-II) Supernova Survey sample (IFrieman et al. 



20081 ). as well as the Fall 2004 test campaign sample, restricting the redshifts to z < 0.25 in 
order to minimize observational biases. We examine the supernova light-curve parameters 
related to color and decline rate, as well as the Hubble-diagram residuals, as a function of 
the projected distance between the supernova and the center of its host galax y. We use the 
output paramete rs from two light-curve fitters, MLCS2K2 (IJha et al.l 120071 ) and SALT2 
(IGuv et al.l 120071 ) . For MLCS2K2 we obtain Ay as a measure of the color and A for the 
light-curve width / decline rate. The corresponding parameter for SALT2 for color is c and 
for light-curve width, X\. 
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The outline of the paper is as follows. In Section 2 we describe the supernova sample 
and the host galaxy information used in the analysis. Section 3 covers the selection of SNe 
la, the procedure used for separating the host galaxies according to their morphology, and 
the description of the light-curve parameters studied. In Section 4 we introduce the method 
used to extract correlations between light-curve parameters and distance to the host galaxy, 
and present the results of the analysis. Finally, in Section 5 we discuss these results, and 
offer some conclusions. 



2. Data Sample 



2.1. SDSS-II Supernova Sample 



The Sloan Digital Sky Survey-II Supernova Survey (IFrieman et al.ll2008l ) has identified 
and measured light-curves for intermediate redshift (0.01 < z < 0.45) SNe during the three 
Fall seasons of operation fr om 2005 to 2007, using the dedicated SDSS 2.5m telescope at 



Apache Point Observatory (jGunn et al.l Il998l . 120061 ). A handful of supernovae were also 
obtained in the Fall 2004 test campaign. The SNe are all located in Strip e 82, a 300 deg 2 



regio n along the Celestial Equator in the Southern Galactic hemisphere (IStoughton et al. 



200 21). The target sele ction is presented in ISako et al.l (120081). the fi rst ye ar photometry in 
Holtzman et al.l ( 120081 ). the first year spect roscopy in | Zheng et al.l (120081 ). and the second 
and third year NTT/NOT spectroscopy in lOstman et al.l ( 120111 ). The SDSS-II SN survey 
has discovered and confirmed spectroscopically 559 SNe la, of which 514 were confirmed 
by the SDSS-II SN collaboration, 36 are likely SNe la, and 9 were confirmed by other 
groups. We will refer to these SNe as the "Spec-la" sample. Besides the spectroscopically 
confirmed SNe, the SDSS-II SN sample has 759 SNe photometrically classified as Type 
la from their light-curves, with spectr oscopic redshifts of the host galaxy either measured 
previously by the SDSS Legacy Survey (lYork et al.ll2000l) or recently b y the SDSS-III Baryon 
Oscillation Spe ctroscopic Survey (BOSS, see lEisenstein et al.l 1201 ll for an overview, and 



Olmstead 



m 



2012 



Sako et al. 



for t he BOSS redshifts). The classification is based on the algorithm presented 



201 ll . which compares the SNe light-curves against a grid of SNe la light-curve 



models and core-collapse SNe light-curve templates, choosing the best-matching SN type 
using the host galaxy spectroscopic redshift as a prior. We designate this SN sample as the 
"Phot o-la" sample. Th e expected contamination of non-la SNe in the Photo-la sample is 
~6% (ISako et al.l 120111 ). The number of SNe in the Photo-la sample has been significantly 
increased with the BOSS contribution. The entire SDSS-II SN sample, combining the Spec-la 
and Photo-la samples, consists of 1318 SNe la. Note that all these SNe have spectroscopically 
determined redshifts, either from the host galaxy or from the supernova spectrum. 
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Several ho st-galaxy analyses ha ve been performed using the SDSS-II SN sample. iNordin et al. 



( |2011aU bl) and Konishi et all ( 1201 ll ) studied the relations between spectral lines and light- 
curve and host-galaxy pro perties using dif f erent spectroscopic SDSS samples. The full three- 
year sample was used bv iLampeitl et all (2010 ) t o ana lyze the effect of global host-galaxy 



properties on light-curve p arameters; 



Smith et a 



of host-galaxy properties; ID 'Andrea et al.l (120111 ) correlated the Hubble residua ls of SNe la 



(120111 ) studied the SN la rate clS & function 



to the global star-formation rate in their host galaxies, and iGupta et al.l ( 1201 ll ) related the 
ages and masses of the SN la host galaxies to SN properties. 

In this analysis we restrict the sample to redshifts z < 0.25, where the de tection efficiency 
of the SDSS-II SN survey remains reasonably high (> 0.5. ISmith et al.ll201ll ). This constraint 
provides a sample of 608 SNe la, of which 376 have been confirmed spectroscopically and 
232 are photometrically classified SNe la. 



2.2. Host Galaxy Identification 



We have matched every SN la in our sample to the closest g alaxy within an angula r 
separation of 20" using the SDSS Data Release 7 (DR7) data set (lAbazajian et al.l 120091 ) . 
which contains imaging of m ore than 8 000 deg 2 of the sky in the five SDSS optical bandpasses 
ugriz (IFukugita et al.lll996l ) including the 300 deg 2 of Stripe 82 where the SDSS-II SN sample 
is located. The matching was done through the SDSS Image Query FormQ. Out of the 608 
SNe in the redshift range of this analysis, 17 SNe did not have a visible galaxy within 20" and 
were consequently excluded from the following analysis, leaving 591 SNe la (363 Spec-la and 
228 Photo-la). 



3. Measurements 
3.1. Light-curve Parameters 



We fit the SN la light-curves with two light-curve fitters (MLCS2K2 and SALT2) 
using the imp l ementa tion in the publicly available Supernova Analyzer package (SNANAq 



Kessler et al.l (|2009b|)). 



For the MLCS2k2 fitter we use Ry = 2.2 for the reddening law and an Ay prior of 



1 |http://cas.sdss.org/astrodr7/en/tools/search/IQS.asp 

2 We used version 9.41 of SNANA, available at |http://sdssdp62.fnal.gov/sdsssn/SNANA-PUBLIC/ 
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P(A V ) = exp(— Ay/r) with r = 0.33, as described in lKessler et al.l ( ]2009bl ). We have checked 
that using Ry = 3.1 instead does not qualitatively change the results. The fitter provides 
four parameters for each SN: epoch of maximum brightness (to), light-curve extinction {Ay), 
decline rate of the light-curve (A), and distance modulus (/amlcs)- 

In the SALT2 light-curve fitter the epoch of maximum brightness (to), the color vari- 
ability of the supernova (c), the stretch of the light-curve (xi), and the apparent magnitude 
at maximum brightness in the B band (mg) are determined from the fit to the light-curve. 
The distance modulus can be calculated by 

Vsalt2 = m B - M + axi - (3c, (1) 

where M, a and (3 are obtained by minimizing the Hubble diagram re siduals. For the a verage 
absolute magnitude at peak brightness (M) we use —19.41 ± 0.04 f lGuy et al.ll2005l where 



H = 70 km s" 1 Mpc" 1 was useqfl). For a and (3 we use the values obtained from the three- 



year SDSS-II SN sam ple, independent of cosmology 
Marriner et aD (boilh ). 



a 



0.135 ± 0.033 and (3 = 3.19 ± 0.24, 



Both A and X\ are related to the width of the supernova light-curve. However, while 
A increases for narrower light-curves, x\ decreases. The Ay and c parameters are both 
measurements of color variability. MLCS2K2 assumes that the color variations not included 
in A can be described by a Milky Way-like dust extinction law with an unknown total- 
to-selective extinction ratio (usually denoted Ry) constant for the full sample and an Ay 
that varies between individual supernovae. The c parameter in SALT2 describes the color 
variation of a SN la relative to a fiducial SN la model, and it includes both the extinction 
by dust in the host galaxy and the intrinsic color variation independent of x±. 



The Hubble residual is defined as 5//g t 
depending on the light-curve fitter, and 



Mfit - /icosmo where fit is either MLCS or S alt2, 



25 + 5 log 10 



2S N 



c /~°" dz' 

+Zsn) Jo v/fMi + ^) 3 +^T 



(2) 



is the distance modulus calculated using the supernova redshift (;?sn) and a fiducial cosmol- 
ogy. We assume a flat cosmology with Q M = 0.274 = 1 — Q A , and the value for H which 
minimizes the scatter for each sample. The uncertainties in the Hubble residuals were taken 
as the uncertainties in the distance moduli extracted from the light-curve fit, /isalt2 and 
A t MLCS2k2 respectively, without adding any contributions from a possible intrinsic dispersion 
in the distance moduli. 



3 The value of the Hubble constant does not affect the results of this analysis. 
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3.1.1. Light-curve selection cuts 



To assure robust light-curve para meters, we applied similar selection cuts as in the 
SDSS-II SN first year cosmology paper kessler et al.lhoOQah . For MLCS2K2 (SALT2), we 
used the following requirements: 



• At least 5 photometric observations at different epochs between —20 and +70 days 
(+60 days for SALT2) in the supernova rest frame relative to peak brightness in B 
band. 

• At least one measurement earlier than 2 days (0 days) in the rest frame before the date 
of -B-band maximum. 

• At least one measurement later than 10 days (9.5 days) in the rest frame after the date 
of -B-band maximum. 

• At least one measurement with a signal-to-noise ratio greater than 5 for each of the 
g,r and i bands (not necessarily from the same night). 

• A light-curve fit probability of being a SN la, based on the x 2 P er degree of freedom, 
greater than 0.001. 



These cuts were designed to remove objects with questionable classification, uncertain deter- 
mination of the time of maximum brightness, or peculiar or badly constrained light-curves. 

Out of the 591 objects, there are 248 that fail the selection cuts for MLCS2K2, leaving 
343 SNe (228 Spec-la and 115 Photo-la). For SALT2, there are 249 objects that fail, leaving 
342 SNe (217 Spec-la and 125 Photo-la). Note that the MLCS2K2 and SALT2 samples 
are studied separately. The majority of the remaining SNe are present in both samples, but 
some are retained in one but not the other. 

Furthermore, we remove all SNe with extreme values of the light-curve parameters, in 
order t o have a sample unaffe cted by peculiar objects. We follow the empirically determined 
cuts in lLampeitl et al.l (120101 ) which define the location in the light-curve parameter space for 
the majority of SNe la in the SDSS-II SN sample. For MLCS2K2 we restrict the sample to 
A > —0.4, removing 30 SNe, while for SALT2 the allowed ranges are set to —0.3 < c < 0.6 
and —4.5 < X\ < 2.0, removing 22 SNe. After the cuts on light-curve parameters, 313 SNe 
(203 Spec-la and 110 Photo-la) remain in the MLCS2K2 sample, and 320 (209 Spec-la and 
111 Photo-la) in the SALT2 sample. 
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3.2. Host Galaxy Typing 



We split the supernova sample into two groups depending on the morphology of the host 
galaxy determined using two photometric parameters: the inverse concentra tion index, a nd 
the comparison of the likelihoods for two different Sersic brightness profiles (jSersidll963l ). 



The inverse concentration index (e.g. IStrateva et al.l 12001c IShimasaku et al.l 120011 ) is 



defined as the ratio between the radii of two circles, center ed on the core of th e galaxy 



containing respectively 50% and 90% of the Petrosian flux (see lBlanton et a 



(2001)). These 



radii are obtained in the r band for all our host galaxies from SDSS DR7 (lAbazajian et al. 
2009h . 



The Sersic brightness profile is described by 



I(r) = I exp 



-a n — 



l/ri 



(3) 



where r is the distance from the galaxy center, J is the intensity at the center (r = 0) and 
r e is the radius which contains half of the luminosity. From SDSS DR7 we obtain the r- 
band profiles of all host galaxies for two specific patterns: a p ure exponential profile (n = 1 
ai = 1.68) and a de Vaucouleurs profile (n = 4, = 7.67) (see lCiotti 



1991 



Graham fc Driver 



20051 . and references therein). We also extract from SDSS DR7 the likelihoods for the two fits. 
The exponential profile is better at describing the decrease in brightness for spiral galaxies, 
while the de Vaucou leurs profile is better at describing elliptical galaxies (jde Vaucouleurs 
19481 : lFreemanlll970h . 



We assign a ellipt ical morphology to a galaxy when it has both an inverse concentration 
index lower than 0.4 (IDilday et al.ll2008l ). and the likelihood for the de Vaucouleurs profile 
fit is larger than for the exponential fit. A galaxy is classified as a spiral if the inverse con- 
centration index is above 0.4, and the likelihood for the exponential profile fit is larger than 
for the de Vaucouleurs fit. Figure [1] illustrates this separation in morphology. Supernovae 
for which the two morphological indicators for their host galaxy disagree are removed from 
the analysis. There are 74 host galaxies which can not be typed within our system as spiral 
or elliptical galaxies, leaving 239 SNe la in the MLCS2K2 sample and 246 in the SALT2 
sample. 



3.3. Galactocentric Distances 



From the position of the supernova and the center of the host galaxy, we measure the 
angular separation between the supernova and its host, and calculate the projected physical 
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distance using the redshift. We use the same flat cosmology assumed in the calculation of 
the Hubble residuals, and a value for the Hubble Constant of 70.4 ± 1.4 km s _1 Mpc -1 taken 
from the Wilkinson Microwave Anisotropy Probe (WMAP) 7- Year results The distribution 
of physical distance of all SNe la in our sample is shown in the top panel of Figure [2j 



Galaxies vary in morphology and size, thus it makes sense to normalize the SN-galaxy 
separation in order to be able to compare the light-curve parameters for SNe in the entire host 
galaxy sample. We use the normalization derived from the shape of the galaxy described by 
an elliptical Sersic profile, taking into account the orientation of the galaxy. We distinguish 
between elliptical galaxies, which are fitted with a de Vaucouleurs (DEV) profile, and spiral 
galaxies which are fitted with a pure exponential (EXP) profile (see Section 13.21 for the 
definitions). We have repeated the analysis using two other normalizations, one based on 
the Petrosian 50 radius, defined as the radius of a circle containing 50% of the flux in the 
r filter, and another using the ellipse estimated from the 25 mag arcsec -2 isophote in the r 
band. The results agree qualitatively with those found using the Sersic profile normalization, 
which are the only ones we will discuss in the following. 

The necessary quantit ies, the major and min or axis and orientation, are obtained from 



the SDSS DR7 catalogue (lAbazajian et al.ll2009l ). The r band is used for all of them. We 



exclude the supernovae for which any of these quantities is missing. In the bottom panel of 
Figure [2, we show the distribution of the normalized distances. 

A possible concern may arise from the fact that we use a normalization based on r band 
galaxy sizes at all redshifts. Thus, since the observer r band will sample bluer restframe 
wavelengths with increasing redshift, the apparent galaxy sizes, of spiral galaxies in particu- 
lar, may increase at larger redshifts, resulting in a lower normalized distance. We have found 
that, indeed, the average spiral galaxy Sersic size increases by about 35% for galaxies above 
z = 0.1, compared to lower redshift galaxies, and then it stabilizes beyond z = 0.1. We have 
checked that correcting for this has little effect on the correlations with distance that we are 
trying to detect, and have elected to keep using the uncorrected galaxy sizes obtained from 
the r band photometry. 

All measurements of the distance here are lower limits of the true separation from the 
center of the host galaxy due to the unknown inclination of the galaxy with respect to the 
observer. We therefore refer to these distances as projected galactocentric distances (GCD). 

We exclude all SNe where the normalized GCD is greater than 10, since these SNe are 
too far from the center of the closest galaxy for the galaxy to be considered as its host with 
certainty. We also remove all SNe where the normalizing distance (the radius of the galaxy 
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in the direction of the SN) has a large uncertainty: if the radius estimate has a fractional 
error larger than 100 % or an absolute error larger than 0.5". We also apply a cut on the 
SN-galaxy distance if the uncertainty in the distance is larger than the actual distance, or if 
the uncertainty in the distance is larger than either 0.5" or 1 kpc. The cuts were motivated 
by the distribution of errors for the full sample. 

There are 49 SNe in the MLCS2K2 sample and 51 in the SALT2 sample which are 
excluded from the analysis because the matched host galaxy lack one or more of the param- 
eters needed for the distance calculation, because the supernova is too far from the center of 
the matched host, or because the uncertainty in the galaxy size or galaxy-supernova distance 
is too large. 

Finally, after all cuts are applied, the analysis of the light-curve parameters as a func- 
tion of the separation to the center of the supernova host is performed with 190 SNe for 
MLCS2k2 and 195 for SALT2. In Tabled] we present the number of SNe before and after 
each selection cut. The list of all SNe used in this analysis is given in Table 121 where we 
indicate if the SN is present only in the MLCS2K2 or SALT2 samples or in both. The 



redshift, the estimated galactocentric distances and host type will be released in ISako 



2012 



together with all the SD SS-II SN sample data, and the SDSS-III SN redshifts will be re- 



leased in IOfmsteadll2012l In Fig. [3] the redshift distribution of the SNe is shown. The final 
sample consists of 64 SNe in elliptical host galaxies and 126 SNe in spiral galaxies for the 
MLCS2k2 sample. For the SALT2 sample there are 65 SNe in elliptical galaxies and 130 
in spiral galaxies. 



4. Results 

We have searched for trends in SN la light-curve parameters with GCD. The photometric 
and the spectroscopic sub-samples were analysed together since no significant differences 
were detected between them. The results obtained hold for both sub samples. We examined 
correlations for the complete sample, as well as when dividing the sample according to host 
galaxy morphology (spiral and elliptical). 

We correlate four light-curve parameters (MLCS2K2: Ay, A and SALT2: Xi,c) and 
the Hubble residuals with two different measurements of the distance to the center of the 
host galaxy (physical GCD, and normalized GCD expressed in Sersic (DEV/EXP) radius). 
For every combination of light-curve parameter and distance measurement, we bin the SNe 
in distance and calculate the mean, both for the light-curve parameter and the distance. In 
each bin, the uncertainty in the mean light-curve parameter is calculated as the RMS in 
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the bin divided by the square root of the number of SNe in the bin. The uncertainty in 
the distance is taken as the width of the bin. For the physical GCD, we use a bin width of 
0.5 kpc, while for the normalized GCD we use bins of width 0.25. When a bin contains less 
than 5 SNe, this bin is joined with the next one until there are at least 5 SNe in the bin. We 
then perform a linear fit to the binned measurements taking into account their uncertainties. 
The reduced \ 2 is calculated, as well as the significance of the slope (the slope divided by 
the uncertainty of the slope as obtained from the linear fit). Figure H] shows the MLCS2K2 
parameters for each supernova as a function of the projected separation in kiloparsecs and 
in Sersic units, together with the binned mean values and the best fit lines. Figure [5] shows 
the corresponding plots for SALT2. The results from these correlation studies are presented 
in the upper panels of Tables E] to [HI For these linear fits to multiple bins, we focus on the 
results where a dependence with distance is preferred with more than 2a and the reduced 
X 2 is lower than 2. A cut in \ 2 is necessary since some of the light-curve parameters might 
be correlated with distance, but with a correlation that cannot be modeled with a simple 
linear fit. For these scenarios we solely study the two-bin analysis (described below), which 
is model independent. 

We also search for the same correlations but using only two bins, "Near" and "Far," 
with equal number of objects in each. Note that this means that the distance where the 
near/far split is made depends on whether we study all galaxies, spiral galaxies only, or 
elliptical galaxies only. We then calculate the mean values for the two bins, as well as 
their uncertainties (the RMS of the distribution in the bin divided by the square root of 
the number of objects in it). We study the significance of the difference in the two means 
by taking the difference divided by the uncertainty. Finally, we calculate the difference in 
the scatter for the two bins and compare it with its uncertainty to obtain the significance. 
The results from the correlation studies with two bins are presented in the lower panels of 
Tables [3] to [HJ For the two-bin analysis, we focus on results where the difference between the 
two means or two scatters is greater than 2cr. 

As a cross-check of the fit method, we also fit the measurement points, without binning, 
with a straight line. The errors on the individual points are increased to include the intrinsic 
spread in the values, by adding in quadrature a term giving a reduced \ 2 oil. 

In order to study the effect of non-la contamination in the Photo-la sample, we repeated 
the fitting process removing in the Photo-la sample all possible combinations of 2 SNe in 
elliptical hosts and 2 in spiral hosts, which roughly corresponds to the expected 6% non-la 
contamination. The distribution of the fitted slopes for all the combinations looked consistent 
with the expectations for no background, within the errors quoted below. Furthermore, we 
repeated all fits using only the SNe in the Spect-Ia sample (with negligibly small non-la 
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contamination), and found the results to be qualitatively similar to the results with the full 
sample, which are the ones we will present in the following. 

We find two (related) trends with high significance and good fit quality: both Ay and c 
decrease with increasing physical GCD, with the slopes of the linear fits being respectively 
4.8 and 4.4 a away from zero. These and other correlations with lower significance are 
presented in detail in the following. 



4.1. Correlations between projected distance and supernova color (Ay, c) 

4.1.1. MLCS2K2 

When studying all SNe la, regardless of host galaxy type, we find that the fitted Ay 
from MLCS2K2 decreases with SN-galaxy distance (see Table [3]). In the multi-bin analysis 
we find a deviation from a non-evolving Ay with a 4.8 a significance for physical distances, 
with a good quality fit (reduced \ 2 °f 0.6). Using a two-bin analysis, we confirm the sign of 
the slope, but with lower significance of only 1.0 a, due to the loss of precision in using only 
two bins. Using the linear fit to the unbinned data we find trends of similar significance. 

When splitting the sample into SNe in elliptical and spiral galaxies we find indications 
that the trend of decreasing Ay with distance is driven by the SNe in spiral galaxies, where 
the deviation from a non-evolving Ay is 0.6 and 2.4 a, respectively, when using physical 
and normalized distances. Similar significances (1.6, 2.4) are found in the two-bin analysis 
restricted to supernovae in spiral galaxies. This result is also confirmed with the linear fit 
to the unbinned data. In all cases, the sample of SNe in elliptical galaxies is consistent with 
an Ay not evolving with physical distance. 

A potentially confusing result from the multi-bin analysis of Ay is that the fit to the 
full sample, for distances measured in kpc, has a steeper slope than for the samples of SNe in 
elliptical and spiral galaxies separately. Naively one would expect a slope for the full sample 
between that of the elliptical and spiral samples. The reason for this seemingly contradictory 
result is the different binning, e.g., the sample of all SNe has the center of the last bin at a 
significantly larger distance than the two other samples, thus increasing the lever arm. As a 
consistency check, we redid the binned analysis, using the same binning for spiral galaxies 
and the full sample as for the elliptical sample (which is the smallest of the three). Using 
equal binning, we obtained a fitted line for the full sample which was in between the lines for 
elliptical and spiral galaxies. We still see a non-zero slope, but with decreased significance 
because of the lower sensitivity of the fit with fewer bins. 
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Examining Fig. SJ we can see that the most dimmed explosions are close to the center 
of their host galaxies. A natural consequence of this result is that the scatter diminishes 
with distance. This correlation is particularly visible when studying the full set of galaxies, 
comparing the near and far sub samples split in physical distance (1.8 a). We also find 
that SNe la with high values of Ay preferentially explode in spiral galaxies. Out of the 64 
elliptical host galaxies only 6 (9%) have SNe with an Ay > 0.5, while there are 29 (23%) in 
the 126 spiral hosts. The mean value of Ay for the SNe in elliptical galaxies was found to be 

mag, while for SNe in spiral galaxies it was (#/ ral ) = 0.36±0.02 mag. 

4.1.2. SALT2 

We now turn to the color term c from the SALT2 analysis to determine if we reproduce 
similar trends (see Table H]). For the linear fit to multiple bins, we also find that c decreases, 
with 4.4 a significance, for the full sample with increasing physical distances. The corre- 
sponding number when only studying spiral galaxies is 1.5 a for the slope with increasing 
physical distance and 1.2 a with normalized distance. For SNe in elliptical galaxies, the fit 
is consistent with a non-evolving c. 

Using the two-bin analysis we confirm the results, but with lower significances, the 
largest being when using the normalized distance with spiral galaxies (2 a). The same result 
is found when using a linear fit to unbinned data, with significances of similar strengths. 

Just as for the MLCS2K2 Ay parameter, we find a trend between c and host galaxy 
type. The mean c for SNe la in spiral galaxies is (c spiral ) = 0.040 ± 0.010, while it is 
(c clliptical ) = 0.016 ± 0.013 for elliptical galaxies. 

We find no significant differences between the near and far samples when examining the 
scatter of the color term c. 



4.2. Correlations between projected distance and light-curve shape (A, xi) 

When examining the correlations between the GCD and the MLCS2K2 A (Table \5§ 
we find a weak relationship for elliptical galaxies, using the multi-binning method, where 
larger A are found at larger GCD. The significance of an evolving A is 2.5 and 2.4 a when 
using physical and normalized distance, respectively. Note that the fit to A as a function of 
physical distance is of limited quality, with a reduced x 2 °f 2.4. The trend is also visible in 
the two-bin data, but with lower significance: 1.9 and 1.4 a. In the fit to unbinned data the 
correlation is only seen for normalized distances. 
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When studying the sample of spiral galaxies, we find only very weak correlations, of the 
opposite trend as for the SNe in elliptical galaxies. The most significant correlation is with 
physical distances (1.5 a). However, using a two bin analysis and the fit to unbinned data 
this correlation is even less significant. 

Looking at the full sample we see similar trends to what we found for the SNe in spiral 
galaxies (A diminishes with distance), since there are more SNe in spiral galaxies than in 
elliptical galaxies in our sample. The trend is visible when studying physical distances in 
the multi-bin analysis (2.1 a), but not in the two-bin analysis. 

The S ALT2 x\ parameter provides another measurement of the light-curve width. Since 
x\ is inversely proportional to the decline rate of the light-curve we would expect a corre- 
lation with the opposite sign compared to the correlation with MLCS2K2-A. We find no 
correlations with 2 a or larger significance in either the multi-bin or the two-bin analyses 
(see Table E]), the highest significance of a deviation from a constant X\ being only 1.1 a. 

Leaving aside the dependence with distance, we c onfirm the results that faint SNe la 



with narrow light-curves favor passive host ga laxies fjHamuv et al 



1996 



20051 : ISullivan et all 120061 : iLampeitl et al.l l2010h . We find that SNe la with low A / high 



Gallagher et al. 



X\ (bright SNe) explode preferably in spiral galaxies, which is visible in the middle panels 



of Figures We obtain (x 



elliptical 
1 



-0.76 ± 0.13 for elliptical galaxies compared to 



(x^ piral ) = 0.20 ± 0.08 for spiral galaxies. The corresponding numbers for MLCS2K2 are: 
(A clliptical ) = 0.16 ± 0.05 mag and (A spiral ) = -0.08 ± 0.03 mag. 



4.3. Correlations between projected distance and Hubble residuals 

When correlating the projected distance with the Hubble residuals from MLCS2K2 
and SALT2 (see Table [7] and [8]) , we only find a trend with a significance larger than 2 a, 
indicating that the SALT2 Hubble residuals increase with normalized distance for SNe in 
spiral hosts. However, the trend is only seen in the multi-bin analysis, and it is not confirmed 
by either the two- bin analysis or the unbinned fit. Furthermore, it is not seen for physical 
distances, nor in the MLCS2K2 residual. 

Using the limits obtained from the Hubble residuals as a function of physical distance 
for the full sample of SNe, we obtain that both the MLCS2K2 and SALT2 residuals will 
change by less than 0.06 (2a) between a SN at the center of the galaxy and one which is 10 
kpc away. 

The difference in Hubble residual scatter between SNe in spiral galaxies close to the 
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galaxy center and farther away is significant. Depending on light-curve fitter and distance 
type used, the significance varies between 1.4 and 2.7 a, which can be seen in Tables [7] and 
[HJ The scatter is larger close to the center of the galaxy. This scatter difference translates 
also to the complete sample, while it is not visible in the elliptical sample only. 

Note that we find a difference in Hubble residuals between SNe in spiral galaxies and 
elliptical galaxies, most notably in the MLCS2K2 residuals, 0.05±0.02 mag in spirals, com- 
pared to —0.10 ± 0.03 mag in ellipticals. 



5. Discussion 



Correlating the SN la light-curve parameters with the distance of the supernova from 
the center of the host galaxies, we find strong indications of a decrease in Ay with distance, 
in particular for spiral galaxies. If part of the color variations of SNe la is explained by 
dust, and dust is mainly present in spiral galaxies and decreasing with distance from the 
center, this would be expected. The trend is also reproduced when correlating the SALT2 
color parameter c with distance. We find a moderately significant difference between the 
mean value of the color parameters Ay and c for SNe exploding in spirals and elliptical 
galaxies, with (Ay) sp — (Ay) ell = 0.10 ± 0.04, and, with less significance, (c) — (c) ell = 
0.024 ±0.016. These differences would also be expected if these color parameters are related 
to dust, more prevalent in spiral galaxies. Due to the difficulty of observing faint SNe close 
to the galaxy center, we would expect fewer dust extincted SNe (with high Ay) at small 
distances. However, this is opposite of what we find, so if we corrected for the brightness 
bias, the trend wou l d mo st likely be stronger. Using the first-year SDSS-II/SNe sample, 



Yasuda fc Fukugital (120101 ) looked for a correlation of the SALT2 color parameter c with 
galactocentric distance, and did not find it significant for distances up to 15 kpc. If we 
restrict our study to the same region below 15 kpc, we still see a decreasing slope, but now 
with a smaller significance around 1 a. Therefore, our results are consistent with those in 



Yasuda &; Fukugital (120101 ) . and indicate that the bulk of the effect we see occurs at large 



distances between the SN and the center of its host galaxy. 

We find some indications that SNe in elliptical galaxies tend to have narrower light- 
curves (larger A) if they explode farther from the galaxy core. Since the width of the light- 
curve is related to the supernova brightness, this result would mean that SNe exploding at 
larger galactocentric distances are fainter. Therefore, this finding could, at least partly, be 
explained by the difficulty in detecting faint SNe close to the galaxy center, where the galaxy 
light is strongest. Furthermore, the significances found for an evolving A are not very strong 
(< 2.5<r) and the trend is mainly visible when using the A parameter from MLCS2K2 as a 
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measure of the light-curve width, compared to the homologous X\ parameter in SALT2. 

We find no strong correlations between the galactocentric distance and the Hubble 
residuals. Since the distance of the SN from the core of t he galaxy can be used as a proxy 
for the local metallicity (see e.g. iBoissier &: Prantzosl 120091 ). this result can be interpreted as 
an indication of a limited correlation between Hubble residuals and local metallicity. Since 
there is also a correlation between the metallicty and the luminosity of the host galaxy, there 
could be a bias in our sample where there are fewer SNe detected in bright galaxies (with 
high metallicity) at small galactocentric distances. However, even if we exclude the data 
with the smallest SN-galaxy distances, we still s ee no signific a nt co rrelations between the 
galactocentric distance and the Hubble residuals. Ilvanov et al.1 (120001 ) found no correlations 
between the galactocentric distance and both the absolute magnitude in the B band and the 
decline rate parameter Ami 5 using 62 SNe at z < 0.1. Our r e sults, with a larger SN sample 
that extends to z < 0.25, agree with those. iGallagher et al.1 (120051 ) suggest that progenitor 
age should be a more impo rtant factor than m etallicity in determining the variations in 
supernova peak brightness. iGupta et al.1 (120111 ) found a correlation between the Hubble 
residuals and the mass-weighted average age of the host galaxy in SDSS data. However, a 
correlation between th e Hubble residuals and the global metallicity has also been detected 
(to' Andrea et al.lboilh . 
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Fig. 1. — Determination of the morphology of the host galaxies using the inverse concen- 
tration index and the comparison of the likelihoods for the fits to a de Vaucouleurs and an 
exponential Sersic brightness profile. The vertical axis shows the ratio of the logarithmic 
likelihoods. The dashed lines show the separation points between elliptical and spiral galax- 
ies. The two methods must agree in order for a galaxy to be classified as either elliptical 
(red symbols) or spiral (blue symbols). Galaxies with unknown morphology are marked in 
black. SNe in the MLCS2K2 sample are marked with up-pointing triangles, while for SNe 
in SALT2 inverted triangles are used. Those SNe that belong to both samples have the two 
triangles superimposed. 
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Fig. 2. — Distribution of projected distance between supernova and galaxy core in kiloparsec 
(top panel) and normalized with the Sersic radius (bottom panel) for the SNe la present in 
the final MLCS2K2 sample (after all cuts). The sample is divided by the type of the host 
galaxy. The corresponding figures for SALT2 are similar. 
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Fig. 3.— Redshift distribution for the 1318 SNe la in the full SDSS-II SN sample (z < 0.45) 
(top panel) and for the sample used in this analysis after all cuts have been applied (bottom 
panel), divided into spectroscopically confirmed SNe la and photometrically identified SNe 
la. The bottom panel shows the 190 SNe la in the sample used with the MLCS2K2 fitter. 
The corresponding figure for the SALT2 fitter is similar. 
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Fig. 4. — MLCS2k2 parameters and Hubble residuals as a function of projected distance 
in kiloparsec and Sersic normalization. SNe in elliptical galaxies are marked in red and 
SNe in spiral galaxies in blue. Each individual supernova is shown as a small dot, and the 
bold points indicate the mean values in each bin. Note that the error bars in distance for 
the binned data show the extent of the bin, and not the standard deviation of the points. 
The dotted lines show the best fit to the mean values. The values for spiral galaxies and 
elliptical galaxies in the plots for the Sersic profile cannot be directly compared since they 
have different normalizations (EXP and DEV) and thus there is no black line showing the 
combined result. 
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Fig. 5. — SALT2 parameters and Hubble residuals as a function of projected distance in 
kiloparsec and Sersic normalization. The same format is used as for Figure HI 



-26 - 



Table 1: Number of SNe la in the sample after applying various selection cuts. 





Spec-la 


Photo-la 


Total 




MLCS SALT 2 


MLCS SALT2 


MLCS SALT2 


SN la sample (z < 0.45) 


559 


759 


1318 


Redshift < 0.25 


376 


232 


608 


Identified host galaxy 


363 


228 


591 


LC quality cuts 


228 217 


115 125 


343 342 


LC parameter cuts 


203 209 


110 111 


313 320 


Determined host type 


160 164 


79 82 


239 246 


Distance cuts 


127 131 


63 64 


190 195 
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Table 2: Final SN sample after all cuts have been applied. There remain 190 SNe for MLCS, 
and 195 for SALT2. 
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1415 


both 


20()5ff 


both 


20061a 


both 


2057 


both 


20(J5fm 




20061b 


SALT2 


2162 




9nn^.fn 
— t- ) l\j 


both 


900fil i 
z u u u l J 




2639 


both 


2005fn 


both 


20061O 


both 


3049 


both 


2005fv 


both 


20061p 


both 


3426 


both 


200 5fw 


both 


2006md 


both 


3959 


both 


2005fy 


MLCS2k2 


2006mt 


both 


4019 


both 


Z U I 1 ■ > Ji, 1 1 




ZUUOI11V 




4690 


IYILjI^O ZK Z 




both 


2006mz 


both 


5199 




90(1 ^cr f- 


b°th 


900RnK 

ZUUOIIO 


b°tl 


5486 


b°th 


ZUUUgi.l 


b°th 


ZUUUllC 




5689 


both 


9(1(1 ^crr. 
Zl H L 


b°th 


ZUU Dill 


both 


5785 


SALT2 


9(1(1 ^o-f 


b°th 


900fin n 
ZUUOI1I1 


SALT2 


5859 




Z U U ■ J {J, [ J 


b°th 


ZUUOIIO 




5963 


b°th 


9(1(1^ (TV 

Z U U ■ ) X 


b°th 


900finH 


both 


6274 




ZU UOIIJ 


b°th 


900finf 
ZUUDOl 


SALT2 


6326 


°th 


ZUU'JJ 111 


b°th 


z u u u oy 


IV 1 l_j J Z IV z 


6530 




Z U U ■ 1 1 1 V 


b°th 


900finn 


SALT2 


6614 


b°th 


2005hx 


both 


2007hx 




6831 


both 


— W W ■. 1 1 1 V 


SALT2 


2007ih 


both 


6861 


both 


2005hz 


both 


2007ik 


both 


7350 


ML( 'S2k2 


2005if 




9007irl 

Z U U J J <_1 


MLCS2k2 


7600 


both 


_ 1 ' ■ 1 ■ 1 | 


both 


2007jk 




8254 




200 5ir 


both 


2007jt 


both 


8555 


both 


200. Sis 


both 


9007in 

Z U U 1 J LI 


both 


9740 


both 


ZUUl)J u 


SALT2 


9007iw 
ZUU 1 JW 




9817 


MT P^9v9 

IV 1 1_j L- 1 j Z lx Z 


900^;Ti 

Z V M J .. > J 1 1 




9007i-7 
ZUU 1 J z 




10106 


MT P^9t>-9 


9nn^.iL- 

ZUUOJK 


b°th 


9007L-Vi 

ZUU t K. U 


b°th 


11172 


SALT2 


900^;i 

ZUU'.JJ 1 


both 


9007Vn 




12804 






MLCS2k2 


9007k c 

ZUU 4 Jva 


both 


13323 


both 


9(in^ift-, 

ZUUDKp 




9007V(- 

ZUU 1 K.L 


both 


13545 


both 


2005kt 


both 


2007kx 


both 


13897 


both 


ZUU-.Jllll 


SALT2 


20071c 




13907 




_ U 1 H M. 1 




20071g 


both 


14113 


SALT2 


2006cx 


both 


20071i 


SALT2 


14317 




_LMM.IL V 


both 


20071k 


MLCS2k2 


14389 


both 


200Gfa 


both 


20071o 


both 


14445 


SALT2 


2006fb 


both 


20071p 


both 


14525 


both 


2006fc 


MLCS2k2 


20071q 


both 


14554 


MLCS2k2 


' >( H)f'i[| 




20071r 


SALT2 


14784 




2006fu 


both 


20071y 


MLCS2k2 


15033 


both 




both 


9007m n 

zuu t 111a 




15343 


b°th 




MLCS2k2 


2007mb 


both 


15587 


both 


zuuogg 


both 


2007mc 


both 


15748 


both 


2006gp 


SALT 2 


2007mh 


both 


15823 


both 


2006gx 


MLCS2K2 


2007mi 


SALT2 


15829 


both 


2006hc 


SALT 2 


2007mj 


both 


15850 


both 


2006hh 


both 


2007mz 


SALT2 


15866 


both 


2006hl 


both 


2007ne 


both 


16052 


both 


2006hp 


both 


2007nf 


both 


16103 


both 


2006hr 


MLCS2K2 


2007ni 


SALT2 


16163 


both 


2006hw 


both 


2007nj 


both 


16452 


SALT 2 


2006iy 


both 


2007nt 


both 


16462 


both 


2006ja 


both 


2007oj 


both 


16467 


both 


2006jn 


both 


2007ok 


both 


17206 


both 


2006jp 


MLCS2K2 


2007om 


both 


17408 


SALT 2 


2006jq 


SALT 2 


2007or 


MLCS2K2 


17434 


both 


2006jr 


both 


2007ow 


both 


17748 


both 


2006jw 


both 


2007ox 


both 


17908 


both 


2006jy 


SALT2 


2007oy 


both 


17928 


both 


2006jz 


both 


2007pc 


both 


18362 


both 


2006ka 


both 


2007pt 


both 


19317 


MLCS2K2 


2006kd 


both 


2007qf 


SALT2 


19987 


both 


2006kl 


both 


2007qh 


both 


20088 


MLCS2K2 


2006kq 


MLCS2K2 


2007qo 


both 


20232 


both 


2006ks 


both 


2007qq 


both 


20480 


both 


2006kt 


both 


2007rk 


both 


20721 


both 



a IAU name when exists, otherwise internal SDSS name. 

Indicates if SN is present only in the MLCS2K2 or SALT2 samples, or in both. 
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Table 3: Results when correlating MLCS2K2-v4y with distance binned in multiple bins of 
equal size (upper table) and binned in a near and a far sample, with equal number of events 
in each bin (lower table). 



Distance 


Host 


Slope 


Sig. a 


xVdof 


dof 


unit 


type 












All 


-0.0081 ± 0.0017 


-4.8 


0.6 


17 


kpc 


Elliptical 


0.0008 ± 0.0031 


0.3 


0.9 


7 




Spiral 


-0.0024 ± 0.0043 


-0.6 


1.4 


13 


deV 


Elliptical 


-0.020 ± 0.012 


-1.6 


0.8 


5 


cxp 


Spiral 


-0.037 ± 0.015 


-2.4 


1.2 


9 







Mean A v 








Scatter of A 


V 




Distance 


Host 


Cut" 


Near 


Far 


Difference 


Sig." 


Near 


Far 


Difference 


Sig. a 


unit 


type 




n 


/ 


f-n 




On 


U S 


a-f - ct„ 






All 


3.92 


0.342 ± 0.031 


0.305 ± 0.023 


-0.037 ± 0.038 


-1.0 


0.299 ± 0.037 


0.224 ± 0.019 


-0.075 ± 0.041 


-1.8 


kpc 


Elliptical 


3.08 


0.271 ± 0.050 


0.238 ± 0.036 


-0.033 ± 0.062 


-0.5 


0.285 ± 0.082 


0.206 ± 0.039 


-0.079 ± 0.091 


-0.9 




Spiral 


4.45 


0.395 ± 0.038 


0.322 ± 0.028 


-0.073 ± 0.047 


-1.6 


0.299 ± 0.039 


0.222 ± 0.022 


-0.078 ± 0.045 


-1.7 


deV 


Elliptical 


1.03 


0.236 ± 0.033 


0.274 ± 0.052 


0.039 ± 0.062 


0.6 


0.189 ± 0.044 


0.295 ± 0.078 


0.106 ± 0.090 


1.2 


exp 


Spiral 


1.34 


0.413 ± 0.038 


0.303 ± 0.027 


-0.110 ± 0.046 


-2.4 


0.298 ± 0.038 


0.216 ± 0.022 


-0.082 ± 0.044 


-1.8 



a Significance of non-zero result, value divided by uncertainty. 
b The distance where the 'near' and 'far' bins were separated. 
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Table 4: Results when correlating SALT2-C with distance binned in multiple bins of equal 
size (upper table) and binned in a near and a far sample, with equal number of events in 
each bin (lower table). 



Distance 


Host 


Slope 


Sig.° 


x7dof 


dof 


unit 


type 












All 


-0.0032 ± 0.0007 


-4.4 


0.9 


18 


kpc 


Elliptical 


-0.0008 ± 0.0022 


-0.4 


1.0 


6 




Spiral 


-0.0031 ± 0.0020 


-1.5 


0.6 


11 


deV 


Elliptical 


-0.007 ± 0.008 


-0.9 


0.5 


6 


cxp 


Spiral 


-0.008 ± 0.007 


-1.2 


3.4 


10 







Mean c 








Scatter of 


c 




Distance 


Host 


Cut" 


Near 


Far 


Difference 


Sig." 


Near 


Far 


Difference 


Sig. a 


unit 


type 




n 


/ 


f-n 




c n 


°f 








All 


3.74 


0.035 ± 0.011 


0.029 ± 0.012 


-0.006 ± 0.016 


-0.3 


0.113 ± 0.009 


0.113 ± 0.010 


0.000 ± 0.014 


0.0 


kpc 


Elliptical 


3.27 


0.009 ± 0.016 


0.024 ± 0.021 


0.015 ± 0.027 


0.6 


0.093 ± 0.015 


0.119 ± 0.016 


0.026 ± 0.022 


1.2 




Spiral 


3.94 


0.047 ± 0.015 


0.032 ± 0.014 


-0.015 ± 0.020 


-0.7 


0.119 ± 0.011 


0.111 ± 0.013 


-0.007 ± 0.017 


-0.4 


deV 


Elliptical 


1.08 


0.023 ± 0.019 


0.009 ± 0.019 


-0.013 ± 0.026 


-0.5 


0.109 ± 0.017 


0.105 ± 0.014 


-0.004 ± 0.022 


-0.2 


exp 


Spiral 


1.31 


0.059 ± 0.016 


0.020 ± 0.012 


-0.039 ± 0.020 


-2.0 


0.126 ± 0.012 


0.099 ± 0.010 


-0.027 ± 0.016 


-1.7 



a Significance of non-zero result, value divided by uncertainty. 
b The distance where the 'near' and 'far' bins were separated. 
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Table 5: Results when correlating MLCS2K2-A with distance binned in multiple bins of 
equal size (upper table) and binned in a near and a far sample, with equal number of events 
in each bin (lower table). 



Distance 


Host 


Slope 


Sig. a 


x7dof 


dof 


unit 


type 












All 


-0.0064 ± 0.0031 


-2.1 


1.8 


17 


kpc 


Elliptical 


0.0231 ± 0.0092 


2.5 


2.1 


7 




Spiral 


-0.0072 ± 0.0047 


-1.5 


0.5 


13 


deV 


Elliptical 


0.104 ± 0.043 


2.4 


1.3 


5 


cxp 


Spiral 


-0.015 ± 0.021 


-0.7 


2.1 


9 







Mean A 








Scatter of A 




Distance 


Host 


Cut" 


Near 


Far 


Difference 


Sig. a 


Near 


Far 


Difference 


Sig. a 


unit 


type 




n 


/ 


f-n 






°7 


crj - On 






All 


3.92 


-0.010 ± 0.032 


0.009 ± 0.039 


0.019 ± 0.050 


0.4 


0.311 ± 0.033 


0.379 ± 0.048 


0.069 ± 0.058 


1.2 


kpc 


Elliptical 


3.08 


0.067 ± 0.060 


0.253 ± 0.076 


0.186 ± 0.096 


1.9 


0.337 ± 0.068 


0.428 ± 0.069 


0.091 ± 0.097 


0.9 




Spiral 


4.45 


-0.077 ± 0.033 


-0.088 ± 0.039 


-0.011 ± 0.051 


-0.2 


0.262 ± 0.028 


0.308 ± 0.064 


0.046 ± 0.070 


0.7 


deV 


Elliptical 


1.03 


0.094 ± 0.062 


0.226 ± 0.075 


0.132 ± 0.098 


1.4 


0.353 ± 0.064 


0.425 ± 0.073 


0.072 ± 0.097 


0.7 


exp 


Spiral 


1.34 


-0.059 ± 0.038 


-0.106 ± 0.034 


-0.047 ± 0.051 


-0.9 


0.302 ± 0.059 


0.267 ± 0.038 


-0.036 ± 0.070 


-0.5 



a Significance of non-zero result, value divided by uncertainty. 
b The distance where the 'near' and 'far' bins were separated. 
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Table 6: Results when correlating SALT2-xi with distance binned in multiple bins of equal 
size (upper table) and binned in a near and a far sample, with equal number of events in 
each bin (lower table). 



Distance 


Host 


Slope 


Sig. a 


x7dof 


dof 


unit 


type 












All 


0.0120 ± 0.0140 


0.9 


1.6 


18 


kpc 


Elliptical 


-0.0016 ± 0.0201 


-0.1 


1.4 


6 




Spiral 


0.0195 ± 0.0177 


1.1 


0.8 


11 


deV 


Elliptical 


-0.013 ± 0.097 


-0.1 


0.5 


6 


cxp 


Spiral 


0.018 ± 0.069 


0.3 


1.1 


10 







Mean x± 








Scatter of xi 




Distance 


Host 


Cut" 


Near 


Far 


Difference 


Sig. a 


Near 


Far 


Difference 


Sig. a 


unit 


type 




n 


/ 


f-n 






°7 


<Tf - On 






All 


3.74 


-0.164 ± 0.107 


-0.084 ± 0.108 


0.080 ± 0.152 


0.5 


1.059 ± 0.064 


1.064 ± 0.070 


0.005 ± 0.095 


0.1 


kpc 


Elliptical 


3.27 


-0.701 ± 0.181 


-0.830 ± 0.185 


-0.129 ± 0.259 


-0.5 


1.041 ± 0.089 


1.049 ± 0.128 


0.008 ± 0.156 


0.1 




Spiral 


3.94 


0.112 ± 0.118 


0.280 ± 0.107 


0.168 ± 0.160 


1.1 


0.955 ± 0.092 


0.866 ± 0.095 


-0.089 ± 0.133 


-0.7 


deV 


Elliptical 


1.08 


-0.775 ± 0.178 


-0.754 ± 0.190 


0.021 ± 0.260 


0.1 


1.021 ± 0.089 


1.072 ± 0.124 


0.051 ± 0.153 


0.3 


exp 


Spiral 


1.31 


0.199 ± 0.114 


0.192 ± 0.114 


-0.007 ± 0.161 


-0.0 


0.915 ± 0.092 


0.915 ± 0.097 


-0.000 ± 0.133 


-0.0 



a Significance of non-zero result, value divided by uncertainty. 
b The distance where the 'near' and 'far' bins were separated. 



-32 - 



Table 7: Results when correlating MLCS2K2 Hubble residuals with distance binned in mul- 
tiple bins of equal size (upper table) and binned in a near and a far sample, with equal 
number of events in each bin (lower table). 



Distance 


Host 


Slope 


Sig. a 


xVdof 


dof 


unit 


type 












All 


0.0006 ± 0.0027 


0.2 


1.3 


17 


kpc 


Elliptical 


0.0006 ± 0.0055 


0.1 


0.6 


7 




Spiral 


-0.0004 ± 0.0037 


-0.1 


1.4 


13 


deV 


Elliptical 


0.006 ± 0.020 


0.3 


0.9 


5 


cxp 


Spiral 


0.017 ± 0.014 


1.2 


0.9 


9 







Mean S M LCS 








Scatter of <5 


MLCS 




Distance 


Host 


Cut" 


Near 


Far 


Difference 


Sig. a 


Near 


Far 


Difference 


Sig. a 


unit 


type 




n 


/ 


f-n 






°7 


<Tf - On 






All 


3.92 


-0.010 ± 0.026 


0.007 ± 0.022 


0.017 ± 0.034 


0.5 


0.255 ± 0.029 


0.217 ± 0.021 


-0.037 ± 0.036 


-1.0 


kpc 


Elliptical 


3.08 


-0.088 ± 0.041 


-0.104 ± 0.033 


-0.016 ± 0.053 


-0.3 


0.233 ± 0.030 


0.187 ± 0.030 


-0.046 ± 0.042 


-1.1 




Spiral 


4.45 


0.054 ± 0.033 


0.039 ± 0.025 


-0.015 ± 0.042 


-0.4 


0.264 ± 0.037 


0.201 ± 0.025 


-0.063 ± 0.044 


-1.4 


deV 


Elliptical 


1.03 


-0.090 ± 0.039 


-0.102 ± 0.036 


-0.012 ± 0.053 


-0.2 


0.218 ± 0.028 


0.205 ± 0.033 


-0.013 ± 0.043 


-0.3 


exp 


Spiral 


1.34 


0.056 ± 0.034 


0.037 ± 0.024 


-0.018 ± 0.042 


-0.4 


0.273 ± 0.038 


0.188 ± 0.015 


-0.085 ± 0.041 


-2.1 



a Significance of non-zero result, value divided by uncertainty. 
b The distance where the 'near' and 'far' bins were separated. 
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Table 8: Results when correlating SALT2 Hubble residuals with distance binned in multiple 
bins of equal size (upper table) and binned in a near and a far sample, with equal number 
of events in each bin (lower table). 



Distance 


Host 


Slope 


Sig. a 


x7dof 


dof 


unit 


type 












All 


-0.0019 ± 0.0022 


-0.9 


1.0 


18 


kpc 


Elliptical 


-0.0008 ± 0.0024 


-0.3 


1.1 


6 




Spiral 


-0.0021 ± 0.0031 


-0.7 


0.7 


11 


deV 


Elliptical 


-0.010 ± 0.016 


-0.7 


0.8 


6 


cxp 


Spiral 


0.033 ± 0.008 


4.0 


1.0 


10 







Mean 8 SALT2 






Scatter of <5 


SALT2 




Distance 


Host 


Cut" 


Near 


Far 


Difference 


Sig. a 


Near 


Far 


Difference 


Sig. a 


unit 


type 




n 


/ 


f-n 






°7 


<Tf - On 






All 


3.74 


0.029 ± 0.022 


0.009 ± 0.019 


-0.020 ± 0.029 


-0.7 


0.215 ± 0.022 


0.183 ± 0.014 


-0.032 ± 0.026 


-1.2 


kpc 


Elliptical 


3.27 


-0.014 ± 0.028 


-0.046 ± 0.037 


-0.032 ± 0.046 


-0.7 


0.160 ± 0.022 


0.208 ± 0.027 


0.048 ± 0.035 


1.4 




Spiral 


3.94 


0.047 ± 0.029 


0.040 ± 0.020 


-0.007 ± 0.035 


-0.2 


0.235 ± 0.028 


0.163 ± 0.014 


-0.071 ± 0.032 


-2.2 


deV 


Elliptical 


1.08 


-0.037 ± 0.028 


-0.022 ± 0.037 


0.015 ± 0.046 


0.3 


0.162 ± 0.023 


0.207 ± 0.027 


0.046 ± 0.035 


1.3 


exp 


Spiral 


1.31 


0.038 ± 0.030 


0.049 ± 0.019 


0.011 ± 0.035 


0.3 


0.240 ± 0.029 


0.156 ± 0.012 


-0.084 ± 0.031 


-2.7 



a Significance of non-zero result, value divided by uncertainty. 
b The distance where the 'near' and 'far' bins were separated. 



